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References foot ( This report briefly describes the energy budget site, the instrumentation, the data analysis procedure, and lists the results.
A period of high discharge by the Gila River in late summer unfortunately terminated the measurement period; the last two days of operation were in conditions of standing water. This objective came to be achieved by using a water budget for time periods as long as ten years.
The study site described in this report was not within the formally defined boundaries of the Gila River Phreatophyte Project, as are the other evapotranspiration measurement sites also shown by solid diamonds on figure 1. However, results from this study, as well as results obtained at the other sites, were to be considered as estimates of evapotranspiration typical of areas of differing ground cover within the project. These estimates would be independent of a water budget. No mechanical analyses of the soil were made, but the fine sediments contained a large fraction of clay sizes. This was apparent from observation of the quasi-hexagonal cracking of the soil surface when dry (see fig. 3 ), and from the tenacious there are no standardized instrumentation arrangements. Since the nearest all-weather road was about 17 km from the measurement site, the instrumentation was so designed that it was capable of operating at least a week without servicing but was still rugged and accurate.
The meteorological variables that must be measured are those necessary to evaluate net radiant energy flux, those which allow changes of stored heat in the evaporating system to be calculated, and those needed to determine temperature and water-vapor gradients at a reference plane near the top of the transpiring canopy.
Net radiant energy flux, or net radiation, was measured directly with an exposed-surface, ventilated, flat-plate thermopile radiometer available commercially. The radiometer was mounted on the instrumentation mast shown in figure 2, 3.5 m out from the mast, pointing solar south. The radiometer was at an elevation 4 m above the reference plane which was about 1.6 m above the soil surface. Thus the effect of thermal radiation from the 9-m tall mast upon the upper and lower surfaces of the radiometer was balanced; specular reflection error was small because the mast was painted a dull matte green.
The radiometer flat-plate had been resurfaced just before observations began, and its calibration checked by using a shading technique.
This calibration check gave a calibration coefficient 3 percent smaller than the manufacturer's coefficient. As this difference was probably within the error limits inherent in the shading procedure, the manufacturer's coefficient was used in calculations.
No visible deterioration of the flat-plate surfaces occurred during the 48-day observation period.
Stored heat in the evaporating system may change as a result of temperature changes, or of mass changes such as the addition of rain or vegetation bulk to the system.
The computation of stored heat change was divided into three aspects. The first was to evaluate heat flow into or out of the ground 50 cm below the soil surface. This was done with two commercially available flat-plate thermopile devices that were coated with a film of plastic resin to allow operation in very wet soil. These heat flow plates were carefully installed at a 50-cm depth into the walls of two 8-cm diameter auger holes required to install temperature-sensing thermocouples at 2-, 50-, 100-, and 200-cm depths. The holes were 2 m north and south of the instrument mast. Because of the added plastic coatings, the heat flow plates were recalibrated using an arrangement which measured the heat flow through the plates from one 3-L container of water into another.
Although carefully done, the resulting calibration of the plate coefficients was probably no better than ±15 percent. figure 3 , as is the lowest air intake unit. The psychrometric unit is protected against extreme temperatures, which could occur in its mounting box, by reflecting aluminum foil, urethane insulation, and double-walled construction with circulating intake-air between the walls. A bleeder system kept a small amount of air moving in the intake pipes between readings, which were made whenever the appropriate heating-gas valve, located above the psychrometer, was opened.
Each of the 20 thermocouple and 2 heat flow plate outputs was measured once every 24 minutes and that of the radiometer every 12
minutes. The scheduling of readings was planned so that optimum accuracy of the required variables in the energy budget computations could be attained. The programming sequence of readings, one each minute, was determined by a modified 24-channel Honeywell Model IS strip-chart recorder.
Power for the instrumentation was supplied by a propane fueled motor-generator. Powerplant malfunction resulted in a considerable amount of missing data until improved gas-pressure regulating devices were installed. Heavy rains also caused loss of data by allowing leakage currents in the highly sensitive thermocouple circuitry, After September 20, heat flow was negative, or upward. The ground surface was always well shaded, minimizing H, the heat flow at the bottom of the system, as well as affecting Q, the heat storage in the soil layer.
Heat gained or lost in the top 50-cm soil layer, Q, was evaluated by change-in-storage methods which would include any heat sources or sinks such as root respiration. An average temperature was calculated at the initial and final instant of each 4-h period.
The difference, multiplied by the average heat capacity and divided by the length of the period (240 minutes), gave an average flux value. Since simpler methods proved inadequate, classical Fourier 13 methods (Smith, 1953, p. 323 ) were adopted to calculate the average temperatures. On each day with a complete record, 24 hourly temperature values taken about 2 cm below the soil surface were used to compute four terms of the Fourier series expansion describing the diurnal temperature fluctuation:
n=1
where Ts is soil temperature; k is time; z is depth; and a is the thermal diffusivity. The time period considered, p, was one day.
The amplitude constants, An , and the phase angles, <}> n , are unique to each daily set of data used. Equation 2 is a solution of the differential equation of one-dimensional heat flow into a semi-infinite homogeneous solid when the second derivative of T s (z) with respect to z vanishes, and An , <}>n , and a are assumed to be constants. The analysis neglects the small daily change of the average temperature of the soil layer and the effects of previous days.
It remained to determine a. The usual methods of phase shift of <j>n or amplitude decrease of An with depth could not be used because of imprecision in and drift of the 50-cm temperature data values so another method had to be found. Equation 2 is integrable (by parts) with respect to depth, z, so integrations were performed from z = 0 to z = 48 at times k and k + 4, and these were subtracted to yield ATs (k + 2) = f(a). Using C_, the bulk heat capacity (described later), Q=CpATs . Neglecting W, P, and B in equation 1 it was found that in fourteen 2-hour periods 14 just before sunrise, L(ET) was very small and was algebraically balanced by C (discussed later). This allowed determination of The first assumption could lead to little error because the 50-cm soil layer had a high average water content. The volume weight assumption was made on the basis of a high clay fraction of the soil, with a small organic matter content. For the 50-cm soil layer, over a period of 4 hours, the bulk heat capacity coefficient was
where SM is the volumetric soil moisture in percent.
All of the arithmetic was readily performed by small desk calculators with subroutine capability.
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The biomass heat change, B, had to be analyzed somewhat subjectively, because quadrat analyses of vegetation were not available.
The saltcedar growth was dense, but quite spindly, as can be seen in figures 2, 3, and 4. Saltcedar foliage data, green and oven-dried, from a study by Gatewood and others (1950) The largest temperature changes occurred during the evening (1600 -2000) and during the early morning (0400 -0800) although 7 (out of 40) changes exceeding 10°C occurred between the hours 0800 to 1200. The average evening change was -8.2°C, and the average early morning change, 6.4°C. The diurnal temperature changes, and the heat storage changes were asymmetrical about solar noon with heat being released more rapidly near and after sunset than gained after sunrise. This phenomenon was observable from the daily radiometer records of thermal flux which exhibited a dip near sunset before rising to a stable exchange value between the earth and the night sky.
Because the change-in-heat-storage, B, had only a marginal effect on the 4-h average values of evapotranspiration, and a negligible effect on the daily averages, B was not used in the computations.
Metabolism and photosynthesis adjustments were not attempted.
No direct theoretical computations of the convected heat, C, were attempted. However, as described later, empirical estimates of C as a function of temperature gradient were developed in order to fill in periods of missing data. The convected heat term, C, entered into most evapotranspiration computations as the numerator of the Bowen ratio, which is defined as the ratio of convected heat, C, to the evaporated latent heat, L(ET).
The heat content, P or W, added or subtracted by thermal mass changes in the evaporating system considered, was not computed except in the case of heavy rains. The rain temperature used was the synthetic wet-bulb at the reference plane. Heat lost with evaporated water was partially compensated for by advected heat brought into the system from below 50 cm. The slowly rising water table also added heat to the system, but this would have had little effect upon the daily averages.
Most computations of 4-h evapotranspiration were done by converting equation 1 to the Bowen ratio (BR) form and dropping terms considered negligible (B and W): The regression line for C was used in calculating evapotranspiration with equation 1, neglecting B, P, and W, in slightly fewer than one-third of the needed 4-h periods. When the temperature difference exceeded -5°C (cold air drainage), the Bowen ratio was set to zero for ET computations.
The daily average ET was computed for each day during which six 4-h periods were available. A day with no estimated data was quality-rated 0. If the convected heat equation was used once, the day was quality-rated 1; and if twice, quality-rated 2. A day which required three convection estimates was considered missing if two of the estimates were during daylight hours. Two days were rated of quality 4, but the convection estimates were all during the morning and evening periods.
Sixteen days (33 percent) had no data, or data too fragmentary to use.
These days were assigned a quality rating 9. To estimate evapotranspiration on these days, a multiple correlation interpolation function was computed, relating the available daily evapotranspiration figures to the daily averages of total hemispherical radiation and air temperature measured at a location about 10 km distant, where data were gathered to measure evaporation from Lake San Carlos. The correlation was good (coefficient of multiple correlation, 0.95) because of the small range of the radiation and temperature values.
RESULTS AND DISCUSSION Table 1 lists the quality rating for each day, the daily estimates of evapotranspiration in mm, and the loss, defined as evapotranspiration less rain. Better linear models can probably be devised based on temperature differences and vapor pressure deficits, using the radiation ratio, N/I. Even these, however, can be confounded by the fact that saltcedar is deciduous, and that both saltcedar and Bermudagrass are warm-weather plants. This experiment did not continue for a period long enough to devise such interpolation models.
A National Weather Service evaporation pan was operated at Coolidge dam. Pan evaporation during the same 48-day period during which this study was conducted was 368 mm. Another study that evaluated evapotranspiration from a barren area about 7 km from the young saltcedar site was also conducted during the same period (Leppanen, 1980, p. 24) . Barren area evapotranspiration was 126 mm. The total evapotranspiration from the young saltcedar was 278 mm. Rainfall, however, was substantially greater at the barren area site (106 mm) than at either the evaporation pan (82 mm) or the young saltcedar site (71 mm).
